Superbursts (SBs) were observed in systems for which accretion rate were derived to be between 0.1 to 0.25 times the Eddington limit. Recent careful assessment of four good SB candidates for GX 17+2 reveals that SB is possible even at near Eddington mass accretion rates. The scenario for SB in strange stars is that a micron-thick layer of diquarks, at the star surface, get broken due to repeated Type 1 bursts during high accretion on the normal matter crust surrounding the star. Then the reverse process takes over, like an avalanche, due to the two-fermion to boson transformation by quick strong interaction. After SB, the energy is once again absorbed by the breaking of pairs leading to quenching and then the Type I bursts resume and the breaking continues till all almost all pairs are broken and we observe the recurrence of the SB. The recombination 1 Work supported by grant SP/S2/K-03/2001, Dept of Science and Technology, Govt. of India -2 -time scale is long, since the strong interaction pairing process is supplemented by beta equilibrium and charge neutralization which are slower weak electromagnetic process by two orders of magnitude or more depending on the kinematic details in contrast to the quick pair breaking. The least observed time interval between two SB is 8.2 days which is 100 times the SB period of about 2 hours, showing that pair breaking takes just that much more time as is expected.
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Introduction
Type-I X-ray bursts from Low Mass X-ray Binary (LMXB) systems are believed to be due to thermonuclear fusion. The duration of such bursts is typically of the order of seconds to minutes. Recently some such Type-I X-ray bursters show bursts 1000 times longer in duration and 1000 times more energetic than typical type-I X-ray bursts. That is why they are known as long bursts. Also for their large fluences they are often referred as superbursts (SB).
Eight different SB have been detected with accretion rate ∼ (0.1 − 0.3) ×Ṁ Edd (Eddington mass accretion rate). They are 4U 1735−44 (Cornelisse et. al. 2000) , Serpens X-1 , GX 3+1 (Kuulkers et. al. 2001) , KS 1731−26 (Kuulkers et.al. 2002) , 4U 1820−30 (Strohmayer and Brown 2002) , 4U 1636−53 (Wijnands 2001 ) and 4U 1254 −69 (in 't Zand et. al. 2003 .
In 'tZand et al. (2004) chose a star with near Eddington mass accretion rate, GX 17+2 to settle the question whether SB occurs even at near Eddington mass accretion. They found four superbursts with mean recurrence time 30 ± 15 d. The shortest observed recurrence time is 8.2 d. The ratio of the SB time to the recurrence time is about 100 which is like the ratio of strong to electro-weak coupling strength.
The mean radius of emission zone assuming 8 kpc distance of GX 17+2 (in 't Zand et. al. 2004 ) is about 4 km for the second SB. Assuming this is the star radius and the radius of KS 1730−270 is about 7.16 km as given by a study of its Quasi-Periodic Power spectrum (Mukhopadhyay et. al. 2003 ) the area ratio predicts the SB for the latter star should be more than three times larger, since the diquarks must be spread all over the surface of the star.
SB share many of the characteristics of Type-I X-ray bursts, namely : light curve has fast rise time and exponential decay, spectral softening during decay. The X-ray spectra are best described by blackbody radiation. This fits in with the idea that the Type I bursts as well as SB originate in a normal matter crust of about 10 −5 M ⊙ so that the characteristic is controlled by crust properties. The star merely supplies and absorbs the energy for the SB and pair breaking respectively.
The spin-spin diquark potential
A modest alternative to the existing models for explanation of the superbursts phenomena is pairing and breaking of diquark pairs at the strange star surface (Sinha et. al. 2002) . A deeper look into the phenomena in the light of the new findings (in 't Zand et. al. 2004 ) inspired the present work. The short recurrence time, the radius to SB-time relation all work in favour of the strange star model. Further analysis of SB data will be forthcoming and may decide in favour of our model.
The potential forming the diquark is
( 1) the subscripted λ and S are the color matrices and spin matrices for the respective quarks. The constant V 0 is
if one believes in the perturbative one gluon exchange (OGE) scenario for the origin of the force that binds the diquark. It may be that V 0 is due to non-perturbative instanton configurations or may be a combination of both OGE and instanton so we prefer to keep it in a general form.
We stress the important point : V 0 must be constrained to fit the N − ∆ mass splitting. The ∆ isobar is an isospin 3/2, spin 3/2 excitation of the nucleon seen at about 1232 MeV and has a diquark. To calculate nucleon and isobar mass difference (of about 300 MeV ), which the the diquark binding, we need the spin-spin interaction given above. This part of the potential is of delta function range causing a singularity problem which can be transformed to a smeared potential by introducing the idea of either a finite glue-ball mass or a secondary charge cloud screening as in electron-physics (Bhaduri et. al. 1980) . The smearing and the strength is constrained by observables like nucleon−∆ mass splitting and the magnetic dipole transition from ∆ to nucleon. For u-d quarks it was found (Dey and Dey 1984) that σ varies from 6 to 2.03 f m −1 . We borrow the allowed sets from this reference. The parameters we have used are given in Table 1 .
It is found that diquark binding depends strongly on the strength and range of spinspin interaction which are interconnected via hadron phenomenology. This is irrespective of whether it is deduced from a the Fermi-Breit interquark force or an instanton -induced four fermion interaction (Rajagopal and Wilczek 2000) . 
Calculation
For pairs to be formed the potential must be attractive. As the potential (Eq. (1)) contains (λ i .λ j )(S i .S j ), the nature of the potential (attractive or repulsive) depends on the combination of the color and spin channels.
Since there is an overall negative sign in the potential given in Eq. (1) the interaction would be attractive only for positive sign of combined (λ i .λ j ) and (S i .S j ). From Pauli's exclusion principle, the wave function of paired quarks must be antisymmetric. In l = 0 state (s-state, symmetric in space) this implies that the F lavor × Color × Spin part of the wave function must be antisymmetric. This can be obtained for four combinations. For flavor symmetric state (a) with spin symmetric (triplet) and color antisymmetric (3) state, (b) with spin antisymmetric (singlet) and color symmetric (6) state; and for flavor antisymmetric state (a) with spin antisymmetric (singlet) and color antisymmetric (3) state, (b) with spin symmetric (triplet) and color symmetric (6) state. Now for (a) color symmetric state (6), λ i .λ j = Hence, we can conclude that in s-state, diquark can be formed only for flavor antisymmetric state. So we shall consider here ud pair in l = 0 state.
In addition to the spin-color contribution the expectation value of the potential (Eq.
(1)) is taken between two 2-body free particle wave functions |ij > given by
where Ω = N n is the total volume, N being the total number of quarks and n the total quark number density. Now
where
Then the expectation value is
ik.r e iP.R e −σ 2 r 2 e −ik.r e −iP.R .
Now,
Hence Eq. (5) reduces to
ik.r e −σ 2 r 2 e −ik.r
Expanding plane wave functions in spherical Bessel function and taking only the term involving l = 0 we get
where integration is over whole volume. Evaluating the integral
and
θ being the angle between k i and k j .
Hence for each particle in pair the energy lowering due to one pair can be taken as
One very important should be stressed at this point. Since there is consensus that the spin-spin potential is short ranged two quarks will feel the force only when their relative momentum is large. But since the density is high the Fermi momentum and therefore the average momenta of the particles is high giving them large velocities. So the particles with large relative momenta and large kinetic energies cannot be bound for a long time. They will form and then break. Nevertheless the total number of pairs at any instant due to the make and break is constant. In other words there is a dynamical equilibrium. In the presence of large mass accretion and energy release in the normal matter crust, close to the star surface, the equilibrium will shift and there will be less pairs. This process continues will all the pairs are broken.
Since the phenomena outlined above is a statistical process, specific details will vary from star to star and also from one SB to another. A certain variation in the nature of SB from case to case will support our model rather than oppose it.
If we consider one u quark, then the lowering in energy of the u quark will be due to all pair it can form with all d quarks in the particular spin color channel for which lowering is maximum that is spin-singlet and color antisymmetric channel. So total lowering of energy of one u quark with momentum k u is
Then average energy lowering of u quark is
Similarly,
Hence lowering of one ud pair is
We have seen that the potential is attractive for two color-spin channels, a) color symmetric (6) and spin triplet so that (λ i .λ j )(S i .S j ) = 1/3 and b) color anti-symmetric (3) and spin singlet which gives (λ i .λ j )(S i .S j ) = 2.
Performing the integration given in Eq. (15) in the range from 0 to k f -s of respective quarks the contribution of a ud di-quark in the energy has been shown in the Table 2 for three different EOSs (Dey et. al. 1998 ) for different sets of parameters tabulated in the Table 1 and for the two possible color-spin channels. -8.802 -8.865 -9.670 6 -7.773 -7.823 -8.474 The Table ( 2) shows that the variation of the correlation energy is significant, when different sets for the smearing in the spin-spin potential are chosen although for the N − ∆ baryon splitting they are designed to give the same numbers. The variation with EOS is comparatively unimportant.
It is seen from the Table ( 2) the further lowering in energy per pair due to spin-spin interaction is approximately 3 to 58 MeV .
The number density of quarks on the surface of a strange star is ∼ 0.27 f m −3 . With this number density the re-alignment of quarks within a depth of a few micron will liberate a total energy of the order of 10 47 MeV .
